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METHOD AND CIRCUIT FOR DETECTING 
PLAYBACK SIGNAL WHICH IS 

COMPENSATED FOR TIME DELAY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of Korean Application 
No. 99-15891, filed May 3, 1999, in the Korean Patent 
Office, the disclosure of which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to playback of information 

from an optical recording medium, and more particularly, to 
a method and circuit for compensating for time delay 
between the outputs of a photodetector and detecting a 
playback Signal. 

2. Description of the Related Art 
In a recording and/or playback apparatus which detects 

data from an optical recording medium Such as a compact 
disc (CD) or a digital versatile disc (DVD), on which the 
data is recorded in the form of pits formed on a Substrate, by 
irradiating the pits with light and comparing the amount of 
reflected light, Signals are degraded due to a time delay 
between the outputs of a photodetector, which is caused by 
different conditions (width, length, depth, angle, etc) of 
shapes of data pits, and a time delay which is caused by 
tangential interference between data. 

In conventional detection of a playback signal, as shown 
in FIG. 1, a pickup unit (P/U) 102 applies a beam emitted 
from a light source (a laser diode) to a disc 100 to detect 
information recorded on the disc 100. Then, a multi-division 
photodetector 104 (also known as a detection sensor), which 
is usually composed of a photo diode, multi-divides an 
optical signal reflected from the disc 100 and detects it. 

First through fourth current to voltage converters (I/Vs) 
106, 108, 110 and 112 respectively convert the multichannel 
outputs A, B, C and D, which are provided from the 
photodetector 104 in the form of current Signals, into Voltage 
Signals. An operational unit 114 Sums the Voltage Signals 
from the I/Vs 106, 108, 110 and 112 to provide a playback 
signal RF SUM of a radio frequency (RF). 

In a conventional technology which detects a playback 
Signal of data by Simply Summing the outputs of the I/VS 
106, 108, 110 and 112, the playback signal may be distorted 
or degraded during operation due to time delay between the 
outputs of the I/Vs 106, 108, 110 and 112, which is caused 
by different shape conditions of data pits formed on a disc 
and interference between data. 

Meanwhile, for optical discs, a large recording capacity 
and high Speed playback is desired for recording and/or 
playback of high definition (HD) images. Moreover, as the 
characteristics of Systems move toward high density and 
high multiple-speed, distortion and degradation of playback 
Signals become more Serious, and thus a great deal of labor 
and additional cost are incurred when implementing Sys 
tems. The time delay between the outputs of a photodetector 
causes distortion of a playback Signal. When the amplitude 
of a playback signal is not normally detected, the perfor 
mance of a System is decreased. 

SUMMARY OF THE INVENTION 

To solve the above problem, a first object of the present 
invention is to provide a method of compensating for time 
delay, which is caused by different shape conditions of data 
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2 
pits recorded on an optical recording medium and interfer 
ence between data, and detecting a playback Signal. 
A Second object of the present invention is to provide a 

circuit for compensating for time delay, which is caused by 
different shape conditions of data pits recorded on an optical 
recording medium and interference between data, and 
detecting a playback signal. 

Additional objects and advantages of the invention will be 
Set forth in part in the description which follows, and, in part, 
will be obvious from the description, or may be learned by 
practice of the invention. 
To achieve the first object and other objects, the present 

invention provides a method of detecting a playback Signal 
using a photodetector which multi-divides an optical Signal 
reflected from an optical recording medium for detection. 
The method includes the Steps of detecting a time difference 
between outputs of the photodetector and temporally match 
ing part of the outputs of the photodetector and the other part 
of the outputs of the photodetector, between which the time 
difference occurs, to compensate for time delay of the part 
of the outputs of the photodetector, and Summing the part of 
the outputs of the photodetector, which is compensated for 
the time delay, and the other part of the outputs of the 
photodetector to provide a playback signal. 
To achieve the Second object and other objects, the 

present invention provides a playback Signal detection cir 
cuit in an optical recording and/or playback apparatus 
including a photodetector which multi-divides an optical 
Signal reflected from an optical recording medium for detec 
tion. The circuit includes a time delay compensator for 
detecting a time difference between outputs of the photode 
tector and temporally matching part of the outputs of the 
photodetector and the other part of the outputs of the 
photodetector, between which the time difference occurs, to 
compensate for time delay of the part of the outputs of the 
photodetector, and an operational unit for Summing the part 
of the outputs of the photodetector, which is compensated 
for the time delay, and the other part of the outputs of the 
photodetector to provide a playback Signal. Since contribu 
tors to time delay include defocus, detrack, radial tilt and 
tangential tilt, defocus margin, detrack margin, radial tilt 
margin and tangential tilt margin are improved by compen 
Sating the playback signal for time delay. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above objects and advantages of the present invention 
will become more apparent by describing in detail preferred 
embodiments thereof with reference to the attached draw 
ings in which: 

FIG. 1 is a diagram illustrating the principle of conven 
tional detection of a playback Signal; 

FIG. 2 is a circuit diagram of a playback signal detection 
circuit according to an embodiment of the present invention; 

FIG. 3 is a diagram illustrating waveforms of the outputs 
of the photodetector of FIG. 2 when a time delay occurs; 

FIG. 4 is a diagram illustrating waveforms of the outputs 
of the photodetector when a time delay is compensated for 
according to the present invention; 

FIG. 5 is a diagram for comparing a playback Signal 
before compensation with a playback signal after compen 
sation to provide an understanding of the present invention; 
and 

FIG. 6 is a circuit diagram of a playback signal detection 
circuit according to another embodiment of the present 
invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Reference will now be made in detail to the present 
preferred embodiment of the present invention, examples of 
which are illustrated in the accompanying drawings, 
wherein like reference numerals refer to the like elements 
throughout. The embodiment is described below in order to 
explain the present invention by referring to the figures. 

Referring to FIG. 2, a playback signal detection circuit 
according to an embodiment of the present invention detects 
time delay of a playback signal, which is caused by different 
shape conditions of data pits recorded on a disc or interfer 
ence between data, by comparing the phases of the outputs 
of an n-division photodetector, and continuously or partially 
compensates for the time delay. 
More specifically, a pickup unit (P/U) 202 moves to a 

position, at which desired information can be detected from 
a disc 200, and applies a beam, which is emitted from a light 
source (a laser diode) within the P/U202, to the disc 200. An 
n (4 in this embodiment)-division photodetector 204 multi 
divides to detect an optical Signal reflected from the disc 
200. 

First through fourth current to voltage converters (I/Vs) 
206, 208,210 and 212 respectively convert the multichannel 
outputs A, B, C and D, which are provided from the 
photodetector 204 in the form of current Signals, into Voltage 
Signals. 
A first adder 214 adds the voltage signal of the first I/V 

206, which corresponds to the output A of the photodetector 
204, to the voltage signal of the fourth I/V 212, which 
corresponds to the output D of the photodetector 204. A 
Second adder 216 adds the voltage signal of the Second I/V 
208, which corresponds to the output B of the photodetector 
204, to the voltage signal of the third I/V 210, which 
corresponds to the output C of the photodetector 204. The 
outputs A and D of the photodetector 204 are positioned on 
the same line in a tangential direction, and the outputs B and 
C of the photodetector 204 are positioned on the same line 
in the tangential direction. Accordingly, as shown in FIG. 3, 
a time delay occurs between the output A+D (which can be 
referred to as the sum of first outputs) of the photodetector 
204, which is provided from the first adder 214, and the 
output B+C (which can be referred to as the sum of second 
outputs) of the photodetector 204, which is provided from 
the Second adder 216, in the tangential direction due to 
different shape conditions of data pits and interference 
between data. In FIG. 3, the phase of the output B+C of the 
photodetector 204 leads the phase of the output A+D of the 
photodetector 204. Accordingly, a time delay compensator 
218 compensates the output B+C of the photodetector 204 
for the time delay which is caused by different conditions of 
data pits and interference between data. 
A first comparator 220 compares the output of the first 

adder 214 with a reference Signal to convert the output into 
a binarized signal. A Second comparator 222 compares the 
output Signal of the Second adder 216 with a reference Signal 
to convert the output into a binarized Signal. The first and 
second comparators 220 and 222 have a function of bina 
rizing analog Voltage Signals. 
A phase detector 224 compares the phase of the output of 

the first comparator 220 with the phase of the output of the 
Second comparator 222 to detect a phase error. A delay unit 
226 temporally shifts the output B+C of the photodetector 
204, which is provided from the second adder 216, by the 
phase error, which is provided from the phase detector 224, 
to compensate for the time delay as shown in FIG. 4. The 
delay unit 226 may adopt a continuous time delay compen 
sation in which the phase difference between the outputs of 
the photodetector 204 is continuously detected depending on 
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4 
a predetermined range of compensation for compensation of 
time delay, thereby being adaptive to all data, or a partial 
time delay compensation which is adaptive to data only 
having a predetermined period according to the character 
istics of a playback Signal, Such as for example, the degree 
of modulation. 

Generally, in case of a DVD, the length of a mark 
recorded on a disc is in the range of 3T to 14T where T 
means a unit clock cycle. Accordingly, the delay unit 226 
may set a compensation range to the range of all data 
(3T-14T) to compensate for time delay. Alternatively, the 
delay unit 226 may partially (or intermittently) compensate 
for time delay with respect to data of a short period (for 
example, 3T). It is generally known that if the time delay of 
data of a short period is compensated for, the time delay of 
the other data can be ignored. The delay unit 226 acts as a 
time shifter, and a third adder 228 can be referred to as an 
operational unit. A System controller (not shown) determines 
a predetermined period to Set the compensation range. For 
example, the System controller provides a window corre 
sponding to a short-period, for example 3T, as the compen 
sation range So as to perform a partial time delay compen 
sation, or a logic “high Signal as the compensation range So 
as to perform a time delay compensation of all of the data. 
The third adder 228 Sums the output of the first adder 214 

and the output of the delay unit 226 and provides a playback 
signal RF SUM which is compensated for time delay. 

FIG. 5 is a waveform diagram for comparing playback 
signals RF SUM before and after compensation of delay 
time which is caused by different shape conditions of data 
pits and interference between data. As seen from FIG. 5, the 
amplitude of the playback signal RF SUM after time delay 
compensation is larger than that of the playback signal RF 
SUM before time delay compensation. Accordingly, the 
degree of modulation of a playback signal RF SUM is 
improved. The degree of modulation is determined by the 
ratio of a short-period signal to a long-period signal. If the 
degree of modulation of a Signal, which is most essential in 
Signal processing, is improved, distortion and degradation of 
the Signal can also be improved, thereby enhancing the 
performance of the System. In particular, when a playback 
Signal whose degree of modulation has been improved is 
used, a defocus margin, a detrack margin, a radial tilt margin 
and a tangential tilt margin are increased, So that the per 
formance of the System can be improved. 

FIG. 6 is a circuit diagram of a playback signal detection 
circuit according to another embodiment of the present 
invention. The playback Signal detection circuit detects the 
time delay of a playback Signal, which is caused by different 
shape conditions of data pits recorded on a disc or interfer 
ence between data, from each output of an n-division 
photodetector, and compensates for the time delay centering 
on data of a short period. To improve the degree of modu 
lation, it is important that the short-period signal is not 
deteriorated due to a time delay. 
A P/U 302, first through fourth I/Vs 306, 308, 310 and 

312, and first and second adders 314 and 316 are the same 
as those of FIG. 2, and thus a description of the Structures 
and operation thereof will be omitted. The description will 
be focused on a time delay compensator 318. 
A band pass filter (BPF) 320 of the time delay compen 

sator 318 receives the output of a subtracter 330, which is 
fed back, and provides only a signal of a band that corre 
sponds to data of a predetermined period, to a peak holder 
322. The data of a predetermined period may be data of a 
short period. The peak holder 322 holds and provides the 
peak of the output of the BPF 320 to an analog-to-digital 
converter (ADC) 324. The ADC 324 converts the output of 
the peak holder 322 into digital data and outputs the digital 
data to a minimum value detector 326. The minimum value 
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detector 326 detects the minimum value of the ADC 324 
while repeating the Step of receiving the output of the ADC 
324 via the subtracter 330, the BPF 320 and the peak holder 
322. After detecting the minimum value of the ADC 324, the 
minimum value detector 326 provides time delay compen 
sation data, which corresponds to the difference between the 
output of the ADC 324 and the detected minimum value, to 
a delay unit 328. 
The delay unit 328 shifts the output of the second adder 

316 by time corresponding to the time delay compensation 
data provided from the minimum value detector 326 and 
Simultaneously provides the shifted output to the Subtracter 
330 and a third adder 332. The Subtracter 330 Subtracts the 
output B+C of the photodetector 304, which has been 
compensated for time delay and provided from the delay 
unit 328, from the output A+D of the photodetector 304, 
which is provided from the first adder 314, and negatively 
feeds back the result of the Subtraction to the BPF 320. The 
third adder 332 Sums the output of the first adder 314 and the 
output of the delay unit 328 to provide a playback signal RF 
SUM which is compensated for time delay. 

The apparatus of FIG. 6 compensates for the time delay 
between the outputs of the photodetector 304, which corre 
spond to data of a short period, thereby improving the degree 
of modulation of a Signal, which is essential to Signal 
processing, and, furthermore, increasing the performance of 
the System. 
AS described above, the present invention compensates 

for the time delay between the outputs of a photodetector, 
thereby increasing the degree of modulation of a data 
playback signal. In addition, the present invention maxi 
mumly Suppresses the distortion or degradation of a signal 
and minimizes the occurrence of errors in a playback Signal, 
thereby improving the reliability of the playback Signal. 
Moreover, when a playback Signal, which is generated 
according to the present invention, is used, defocus margin, 
detrack margin, radial tilt margin and tangential tilt margin 
are increased, thereby increasing the performance of the 
System. 

Although a few preferred embodiments of the present 
invention have been shown and described, it would be 
appreciated by those skilled in the art that changes may be 
made in these embodiments without departing from the 
principles and Spirit of the invention, the Scope of which is 
defined in the claims and their equivalents. 
What is claimed is: 
1. A method of detecting a playback Signal using a 

photodetector which multi-divides an optical signal reflected 
from an optical recording medium for detection, the method 
comprising: 

detecting a first Signal corresponding to information along 
a first tangential line of the optical recording medium; 

detecting a Second Signal corresponding to information 
along a Second tangential line of the optical recording 
medium; 

binarizing the first and Second Signals to provide first and 
Second binarized signals, 

inputting a control Signal which designates a data length 
to be compensated; 

detecting a phase difference between portions of the first 
and Second binarized Signals having the designated data 
length to provide a time delay compensation Signal; 

temporally shifting the portions of the Second Signal 
having the designated data length based on the time 
delay compensation Signal to temporally match the 
portions of the first and Second Signals having the 
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designated data length while passing data having 
lengths other than the designated data length without 
temporally shifting the data having the other lengths, 
and 

Summing the first signal and the Second Signal having the 
temporally shifted portions to output the playback 
Signal. 

2. The method of claim 1, wherein the designated data 
length is a short period in a range of data lengths from 3T 
to 14T. 

3. The method of claim 1, wherein the designated data 
length is 3T. 

4. The method of claim 1, further comprising using the 
playback Signal for increasing the defocus margin of a 
System. 

5. The method of claim 1, further comprising using the 
playback Signal for increasing the detrack margin of a 
System. 

6. The method of claim 1, further comprising using the 
playback Signal for increasing the radial tilt margin of a 
System. 

7. The method of claim 1, further comprising using the 
playback Signal for increasing the tangential tilt margin of a 
System. 

8. A playback Signal detection circuit in an optical record 
ing and/or playback apparatus including a photodetector 
which multi-divides an optical signal reflected from an 
optical recording medium for detection, the circuit compris 
Ing: 

first and Second binarization circuits which binarize the 
first and Second Signals corresponding to detecting 
information along first and Second tangential lines, 
respectively, the first and Second Signals comprising 
data having a designated data length and data having 
respective lengths other than the designated data 
length; 

a phase detector which detects a phase difference between 
portions of the first and Second binarized signals having 
the designated data length to provide a time delay 
compensation Signal; 

a delay unit which shifts the portion of the Second Signal 
having the designated data length based on the time 
delay compensation signal without shifting portions of 
the Second signal having respective data lengths other 
than the designated data length; and 

an adder which Sums the first signal and the Second Signal 
having the shifted portion to output the playback Signal. 

9. The circuit of claim 8, wherein the designated data 
length is a short period in a range of data lengths from 3T 
to 14T. 

10. The circuit of claim 8, wherein the designated data 
length is 3T. 

11. The circuit of claim 8, wherein the playback signal 
increases the detrack margin of an optical recording and/or 
reproducing System. 

12. The circuit of claim 8, wherein the playback signal 
increases the radial tilt margin of an optical recording and/or 
reproducing System. 

13. The circuit of claim 8, wherein the playback signal 
increases the tangential tilt margin of an optical recording 
and/or reproducing System. 
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